Abstract Introduction: One of the most common problems during laryngoscopy involves sympathetic system stimulation and the subsequent hemodynamic changes. It is a key measure to maintain the hemodynamic stability of patients with cardiovascular diseases during induction of anesthesia. This study attempted to compare the hemodynamic effects of laryngeal mask airway and combitube.
endotracheal tubes, among which the most conventional and secure strategy for maintaining a patent airway during general anesthesia is with laryngoscopy and endotracheal intubation. Endotracheal intubation requires direct laryngoscopy, which might be accompanied by multiple complications including dental trauma, soft tissues injury, and vocal cords damage, trauma to airway cartilage, laryngospasm and cardiac arrhythmias (1) . Painful laryngoscopic stimulation and airway manipulation usually leads to a temporary but significant increase in the sympathetic system, which manifests itself in the form of plasma catecholamines release, tachycardia, hypertension and arrhythmia (2) . Such changes occur immediately after intubation, lasting for 5 to 10 minutes. This can be life-threatening for patients with underlying cardiovascular or cerebrovascular disorders (3) .
These changes can be prevented through taking several measures such as shortening the duration of laryngoscopy, using drugs including lidocaine spray, intravenous lidocaine and short-acting opioids, esmolol and other beta-blockers, dexmedetomidine, antihypertensive agents and even magnesium sulfate, which minimize sympathetic responses (3) .
One of the effective techniques employed for relieving hemodynamic responses is to avoid direct laryngoscopy and apply supra-glottic airway devices (4) .
Laryngeal mask airway is a supra-glottic airway device with a specific design first introduced by Brain in 1983. For over a decade, it has been applied as an alternative to endotracheal intubation owing to its less invasive nature and greater ease of use. There is a wide variety of laryngeal masks, including classical, supreme, and etc, which come in different sizes for patients ranging from infants to adults (4, 5) .
LMA is a device inserted without any need for direct laryngoscopy or any special training. The benefits include lower risk of tissue damage and minimized hemodynamic changes. The disadvantages include misplacement potentially leading to aspiration, pneumonia, air leakage, and partial obstruction of the airway. Moreover, it might lead to the stimulation of sympathetic responses to some degree (5) (6) (7) (8) (9) (10) (11) . Easophagealtracheal Combitube (ETC) was introduced by Firas et al. (1987) as an emergency airway device (12) .
In fact, it is a relatively new device for maintaining the airway and an alternative to endotracheal tubes and laryngeal mask airway, particularly in emergency events. It entails two esophagus and trachea lumens, one of which is inserted blindly into the esophagus so as to curtail the risk of aspiration (13) . It comes in two different sizes of 37 French and 41 French, which are recommended for patients with 120-180 cm and patients with over 180 cm of height, respectively. One disadvantage of combitube is not available for pediatric groups (14) .
There are a number of practical restrictions to the application of combitube such as esophagus and trachea damage due to cuff's extreme pressure. It can trigger stress responses, leading to the risk of ischemic of tongue and subsequent edema if inserted for a long time (15) .
Several studies have examined the hemodynamic effects during LMA insertion, laryngoscopy and tracheal intubation. The results indicated that changes in systolic and diastolic blood pressures and heart rate during LMA insertion were lower than those during intubation (4, (16) (17) (18) (19) .
Moreover, several studies have focused on various aspects of Laryngeal mask and combitube insertion. Concerning the hemodynamic effects of the two devices, however, very few studies have been found. An overview of the relevant literature in Google Scholar, Pubmed and Science Direct databases revealed that there was only one study that addressed the stress response during LMA and combitube insertions, with the conclusion that combitube could lead to a long-lasting significant increase in systolic and diastolic blood pressures, mean arterial pressure, heart rate and plasma concentrations of catecholamine's (20) . The majority of studies have compared the procedure and duration of LMA and combitube insertions, revealing that the number and duration of insertion of ETC were higher compared to LMA (21, 22) .
It is crucial to examine the hemodynamic effects of applying such devices on blood pressure and heart rate particularly in high-risk patients with heart diseases or cerebrovascular disorders. Moreover, the number of studies on the hemodynamic effects of the two widely applied airway devices in medical procedures is limited. In light of the above considerations, the current study intended to investigate the hemodynamic effects during the insertion of such airway devices.
Methods:
To calculate the required number of patients for three groups, from a previously published research, the mean values for SBP, DBP and HR were considered (11) .
A one way variance analysis was used to calculate the sample size with the parameters of α = 0.05, β= 0.1, σ = = 8.05, µ1= 70.4, µ2= 72.4, µ3= 80.3. The sample size was 40 for each group (NCSS software). A number of 142 patients were assessed eligible and were enrolled into the study and 22 were excluded according to the flow chart ( Figure 1 ).
Random Allocation Software version 1.0.0 was used for randomization. This study was double blinded, as the other researcher who recorded the data was unaware of the type of airway instrument applied. This researcher who was assigned to collect the hemodynamic data was physiology student who was not familiar with the airway devices and had no information about the type and groups of the study.
Upon Patients with ASA>II, emergency surgeries, full stomach, those with the probability of difficult intubation and Mallampati class>II, edentulous patients, patients with BMI>40, history of upper respiratory tract infection within the past two weeks, history of esophageal disease, hypertensive diseases and those with ASA higher than II were also excluded.
At the next stage, an intravenous line was inserted and 7 ml/kg of balance crystalloid solution was administered. The premedication including midazolam 0.05 mg/kg and fentanyl 2 μg/kg were injected intravenously. Induction of anesthesia took place similarly in all patients through 2 mg/kg of intravenous propofol and 0.3 mg/kg of atracurium. Then, the patients were randomly assigned to one of the following three groups: Group (1) patients ventilated through a simple mask and, if necessary, oral airway that were considered as the control group of the study, Group (2) patients ventilated through the insertion of laryngeal mask airway (Nanchang Biotek Medical Technology Co. Ltd, Nanchang, Jiangxi, China), and Group (3) patients ventilated through combitubes (Tyco Healthcare/Mallinckrodt Nellcor, Pleasanton, Calif, USA).
In the LMA groups, the size of LMA was determined by the anesthesiologist based on the patient's body weight and the according to the manufacturers' instructions. The surface of LMA were lubricated with a water base gel. The LMA cuff was inflated to get an adequate seal according to the standards of the size used and manufactures guidelines. (5) . The combitube's size was chosen according to the guidelines (23) .
If the number of insertion trials were more than one or had a prolonged insertion time (more than one minute), the patients were excluded from the study. Anesthesia was maintained in all patients through an identical procedure, i.e. administration of O2/N2O at the 50:50 ratio with propofol at an infusion rate of 100 μg/kg/min. Intraoperative fluid therapy was administered similarly for all patients by the prescription of balance salty solution.
The hemodynamic parameters of each patient such as systolic and diastolic blood pressures and heart rates were recorded at the following times:  Baseline, after connecting the monitoring devices

After induction of anesthesia and prior to airway manipulation  At minutes 1, 3 and 5 after insertion of airway device All the data were recorded in special forms along with demographic characteristics of the patients. Variables were tested for normality using the Kolmogorov-Smirnov test (P>0.05). The data were analyzed through SPSS 16 and descriptive statistical measures (mean, standard deviation, frequency) as well as T-test and ANOVA for comparing the blood pressures and heart rates. Moreover, P<0.05 was considered significant.
Results:
In terms of gender, the patients in Group 1 (Mask) included 3 females and 37 males, Group 2 (LMA) included 4 females and 36 males, and Group 3 (ETC) included 5 females and 35 males (Table 1) .
Patients in the three groups were closely matched in terms of age, height and weight (Table  2) . Furthermore, the patients had similar Mallampati scores, so that 32 subjects in Group 1 (80%) had Mallampati score I while 8 subjects (20%) had Mallampati score II. In Group 2, 30 subjects (75%) had Mallampati score I while 10 subjects (15%) had Mallampati score II. In group 3, 35 subjects (87.5%) had Mallampati score I while 5 patients (12.5%) had Mallampati score II (Table 3) .
The average duration of laryngeal mask insertion was 9±4.3 seconds, while the average duration of combitube insertion was 18.18±6.29 seconds, which showed a statistically significant difference (P<0.001).
The laryngeal mask and endotracheal intubation were inserted only once in all patients. As for the initial hemodynamic parameters in operating room, there was no significant difference between systolic blood pressure, diastolic blood pressure and heart rates (P=0.25 for systolic blood pressure, P=0.41 for diastolic blood pressure and P=0.29 for heart rate). Similarly, the parameters at the second phase (after induction of anesthesia and before ventilation) showed no statistically significant differences (P=0.45 for systolic blood pressure, P=0.82 for diastolic blood pressure and P=0.163 for heart rate). At the third phase, i.e. 1 minute after ventilation, the systolic blood pressure in Group 3 (combitue) was higher than in Group 1 (Mask) and Group 2 (LMA), which showed a statistically significant difference (P<0.001 for comparison between Groups 1 and 3, P<0.001 for comparison between Groups 2 and 3), whereas there was no statistically significant difference between Groups 1 and 2 (P=1).
Moreover, the diastolic blood pressure at the first minute increased in Group 3 greater than in other two groups. Group 2 also experienced greater increase as compared to Group 1, where there was a statistically significant difference between the three groups (P<0.001 for comparison between Groups 1 and 2, P<0.001 for comparison between Groups 1 and 3, and P=0.005 for comparison between Groups 2 and 3). At the first minute, although patients in Group 3 experienced significantly higher heart rate than those in Group 1 and 2 (P=0.005 for Group 1 and P=0.03 for Group 2), there was no statistically significant difference between Groups 1 and 2 (P=1).
At the fourth phase, i.e. 3 minutes after starting ventilation, the systolic blood pressure in Group 1 was lesser than Groups 2 and 3, showing a statistically significant difference (P=0.03 for Group 2, and P=0.02 for Group 3), while there was no significant difference between Groups 2 and 3 (P=1)
Similarly at minute 3, diastolic blood pressure in Group 1 was lesser than Groups 2 and 3 (P<0.001 for Group 2 and P<0.001 for Group 3), while there was no statistically significant difference between Groups 2 and 3 (P=0.97). At minute 3, heart rate in Group 3 patients increased more intensely as compared to Group 1 (P=0.009), while there was no statistically significant difference between Groups 2 and 3 (P=0.25).
In the fifth phase, i.e. 5 minutes after starting ventilation, the systolic blood pressure and heart rate in the three groups showed no statistically significant difference (P=0.22 for systolic blood pressure and P=0.1 for heart rate). At minute 5, however, diastolic blood pressure increase in Group 1 intensified more than Groups 3 and 2, where the difference was statistically significant (P<0.001 for Group 2 and P=0.001 for Group 3), while there was no statistically significant difference between The average systolic blood pressure at various points in time has been displayed in Table 4 and Figure 2 . Moreover, the average diastolic blood pressure in three groups at different times has been displayed in Table 5 and Figure 3 . Finally, the average heart rate in three times can be seen in Table 6 and Figure 4 .
Conclusion:
Patients in the three groups were similar in terms of demographic characteristics such as age, height, weight and gender. Moreover, all patients were similar in terms of Mallampati scores, where the findings were consistent with those of previous studies (4, (19) (20) (21) 24) .
The main results demonstrated that hemodynamic variables after insertion of LMA and Combitube airway devices were almost always significantly different from the first group. In fact, hemodynamic variables in groups 2 and 3 showed significant increase in diastolic blood pressure as compared to the control group (mask ventilation) at all times after insertion. However, the most significant difference was observed between groups 2 and 3 in the first minute after insertion. Moreover, the values of systolic, diastolic pressures and heart rates in combitube group higher than in LMA Group. Although the heart rate in one minute after airway manipulation showed no significant difference between groups 1 and 2, this parameter revealed a significant increase in Group 3 patients as compared to the other 2 Groups. These results were consistent with those obtained by Oczenski et al. (20) , particularly in terms of changes in systolic and diastolic blood pressures. As for heart rate 3 minutes after insertion, however, they were inconsistent with the results of the current study, where heart rate in group 3 was significantly higher than Group 1, while Oczenski et al. did not report so (20) . Such inconsistency might have been due to different age of patients involved in the two studies as well as difference in ASA. In the current study, patients with any underlying diseases were excluded. Furthermore at 5 minutes after insertion, the systolic blood pressures and heart rates were not significantly different between the three groups, probably due to elimination of stimulatory effects from LMA and combitube (4, 20) . Generally, the greatest change in hemodynamic parameters was observed in diastolic blood pressure, which was higher at all stages after insertion in groups 2 and 3 as compared to the control group. In other words, application of LMA led to lower changes as compared to combitube. Several studies have shown that LMA insertion leads to far lower hemodynamic changes as compared to laryngoscopy and tracheal intubation (4, 19, 22) .
In terms of occurrence time, the maximum change in hemodynamic parameters was during the first minute after insertion, which exactly corresponded to maximum effect of stress responses induced by laryngoscopy and intubation. At 5 minutes after insertion, hemodynamic parameters in 3 groups attenuated to lower than even the baseline values, which was probably due to elimination of stimulatory effect and onset of drugs for maintenance of anesthesia (3, 4, 6, 15, 19, 20, 25) .
It should be noted that duration of inserting devices could also lead to intensified hemodynamic changes, because one of the most important measures taken to minimize such changes is shortening the duration of laryngoscopy and airway manipulation (3, 4, 6, 15, 19) . The results of this study showed duration of combitube is much longer than that of LMA insertion. This is consistent with the findings of other studies (2, 13, 14, 21, 22) and can partly explain the hemodynamic changes in patients applying combitube. This study revealed that the lowest hemodynamic changes during induction of anesthesia were observed in patients with simple mask ventilation (control group). Similarly, patients in LMA group experienced hemodynamic changes lower than those in combitube group. Increased heart rates may cause a threat to the cardiovascular system by decreasing oxygen delivery to the myocardium and intensifying oxygen consumption as well as potential risks of hypertension in patients with cardiovascular diseases. According to this study, LMA insertion is highly recommended in patients undergoing elective surgery, particularly with ischemic heart disease and without risk of aspiration. However we suggest that further studies to be carried out in this respect.
Limitations:
We did not consider the mean arterial pressure (MAP) and pulse pressure parameters for hemodynamic evaluation. We also did not assess the variation of plasma catecholamine concentrations during our study. All of these concepts can be a subject for future studies and we recommend that these can be done in larger study groups.
